Abstract. Accurate determination of the abundance and distribution of animals, particularly endangered species, is a fundamental requirement for understanding their ecology and has important applications for their conservation. In Bornean flooded forests, various approaches have previously been used to conduct primate census, including foot-based land surveys and boat-based river surveys at different times of the day such as in the early morning and/or late afternoon. However, the accuracy of primate encounter frequencies and animal counts obtained using these methods has not been assessed. Therefore, in this study, we attempted to assess the accuracy of these methods used in different studies. We found that boat-based river surveys were more accurate than foot-based land surveys for evaluating the abundance and distribution of Bornean primates, particularly proboscis monkeys (Nasalis larvatus) and long-tailed macaques (Macaca fascicularis). Furthermore, based on our evaluation of boat-based river surveys at different times of the day, we recommend that such surveys be performed in the late afternoon to yield more accurate estimates of the abundances and distributions of Bornean primates.
Accurate knowledge of the population density, abundance, and distribution of animals is crucial for determining areas for conservation and to implement effective conservation strategies. However, it would be challenging and fraught with difficulties to obtain accurate density estimates for primates that live in flooded forests that are constantly or periodically inundated (Barnett et al. in press ). Therefore, a reliable census method is essential for effectively managing endangered and/or endemic species in such forests. Some studies have conducted foot-based transects or point surveys for primates in Bornean flooded forests, e.g., orangutan (Pongo pygmaeus; with a focus on their nests), red leaf monkey (Presbytis rubicunda), silver langur (Presbytis cristata), proboscis monkey (Nasalis larvatus), long-tailed macaque (Macaca fascicularis), pig-tailed macaque (M. nemestrina), and/or gibbon (Hylobates spp.) Ancrenaz et al. 2004; Buckley et al. 2006; Cheyne et al. 2008; Matsuda et al. 2009; Matsuda et al. 2011; Ehlers Smith and Ehlers Smith 2013) . Foot-based surveys are difficult to conduct in swampy habitats; therefore, boat-based surveys have been performed to census endangered proboscis monkeys, Hose's langur (Presbytis hosei), maroon langur (Pr. rubicunda), silver langur (Trachypithecus cristatus), long-tailed macaque, and/or pig-tailed macaque in Bor nean flooded forests (Boonratana 1993; Meijaard and Nijman 2000; Goossens et al. 2002; Meijaard and Nijman 2003; Matsuda 2008; Sha et al. 2008; Stark et al. 2012) .
In general, foot-based surveys appear to be more time consuming and expensive than boat-based surveys because the former require more manpower to cover the transect trails. However, the sensitivity of these methods and the accuracy of the animal counts obtained have not been assessed. Matsuda et al. (2011) performed foot-based transect surveys through a Bornean riverine forest and showed that several primate species such as proboscis monkeys, silver langurs, long-tailed macaques, pigtailed macaques, gibbons, and orangutans were frequently encountered <50 m from the river. However, these results have not yet been compared with those obtained from boat-based surveys at the same study site.
Because primates such as proboscis monkeys and longtailed macaques typically return to riverside trees to sleep (van Schaik et al. 1996; Matsuda et al. 2010b) , boat-based surveys in the late afternoon or early morning are considered the most cost-effective method for evaluating their populations. Sha et al. (2008) performed boat-based surveys on proboscis monkeys in both the early morning and later afternoon, and combined these data to estimate their state-wide (Sabah, Borneo, Malaysia) distribution and abundance; this combined approach was likely used because of the large survey area covered (1,221 km). Conversely, Goossens et al. (2002) conducted surveys on several primate species, including proboscis monkeys, long-tailed macaques and some other langurs, only in the early mornings. The area covered was much smaller, only the Kinabatangan area, Sabah, Malaysia (area = 103 km). Other studies did not clearly stated the time of boat-based surveys (e.g., Meijaard and Nijman 2000; Meijaard and Nijman 2003) . Thus, the most appropriate time for conducting boat-based surveys to obtain accurate evaluations of primate populations remains unclear.
In this study, we performed primate censuses in a Bornean riverine forest using foot-and boat-based surveys at different times of the day, i.e., early morning, noon, and late afternoon, to determine the following: 1. Whether boat-based surveys were better for detecting primates and yielded more accurate animal counts than foot-based surveys. 2. The best time for conducting boat-based surveys to optimize the detection of primates and obtain more accurate animal counts.
Methods

Study sites
This study was conducted from May 2005 to May 2006 and from June 2009 to September 2011 in a riverine forest along the Menanggul River, which is a tributary of the Kinabatangan River, Sabah, Malaysia. The southern area of the Menanggul River was extensively covered with natural forest, whereas the northern area had been deforested for oil palm (Elaeis guineensis) plantations, with the exception of a legally protected zone along the river. The riverine forest was inhabited by not only proboscis monkeys but also long-tailed macaques, pigtailed macaques, silver langurs, Hose's langurs, maroon langurs, Bornean gibbons (Hylobates muelleri), and orangutans. This area is one of the main tourist attractions in the region, with many boats and tourists visiting the Menanggul River. The mean minimum and maximum daily temperatures were approximately 24°C and 30°C, respectively (May 2005 (May -2006 , and the mean annual precipitation at the site was 2,474 mm (May 2005 -April 2006 and November 2009 -October 2013 . Details of the vegetation patterns are described in Matsuda et al. (in press ).
Early morning foot-vs. boat-based surveys
For the foot-based surveys, we established 200-500-mlong and 1-m-wide trails at 500-m intervals from the river mouth to a point 4 km upstream (total 7.15 km). We set up these trails on both sides of the river, giving a total of 16 trails (trail code, TR1-TR16; Matsuda et al. 2010a) . From May 2005 to May 2006, we used the foot-based survey method to assess the detectability of primate groups and their abundances in the flooded forest (Matsuda et al. 2011) . We conducted surveys along the trails in the early morning from 6:00 to 9:00 twice per month, with the exception of February 2006, when a serious seasonal flood prevented us from conducting the census (Matsuda et al. 2010b ). Therefore, a total of 24 censuses were conducted during the 13-month study period. Two observers (I. M. plus one research assistant) surveyed the trails on foot, one on the right bank and the other on the left bank. In any given month, one of the two surveys was conducted from the trails near the river mouth (TR1 and TR2), while the other survey, which was usually conducted on the next day, was from the trails 4 km from the river mouth (TR15 and TR16), to avoid any time lag bias in finding the primate species (see Matsuda et al. 2011 in details) . Observers recorded the species name and group size whenever they found a primate species or an orangutan nest whilst moving from the riverbank to the end of the trails. In addition, for the boat-based surveys, the primate species/orangutan nest and group size were also recorded whenever we found primates along the river between the trails whilst moving from the river mouth to a point 4 km upstream. The travelling speed of the observers and boat were approximately 3-4 km/h and 4-6 km, respectively, and the detectable (visible) distance from the trails/river was approximately 30 m.
Early morning vs. late afternoon boat-based censuses
On the same days as we conducted the foot-and boatbased surveys in the early mornings from May 2005 to May 2006, we also performed boat-based surveys along the river from the river mouth to a point 4 km in the late afternoons (16:00 to 18:00), following the above mentioned method. These surveys were conducted from a point 4 km upstream to the river mouth and involved recording the species name and group size whenever primates were found.
Noon vs. late afternoon boat-based censuses
From June 2009 to September 2011, we performed boat-based surveys along the river at noon (12:00 to 14:00) and in the late afternoon (16:00 to 18:00) of the same day once per week, using the same survey routes and recording data as outlined above.
Analyses
The foot-based transect methods in this study did not use a strip width to estimate densities for the comparison of values between the foot-based and boat-based surveys as it would seemingly be impossible to apply the river surveys (rivers are rarely straight lines). Using the MannWhitney U test, the mean frequency of the encounters with primate groups and number of counted individuals in each primate species and orang-utan nests during the foot-based surveys were compared with those during the boat-based surveys. In addition, the mean frequency of encounters with primate groups and counts of individuals of each primate species during the boat-based censuses were assessed by the comparisons between the times of day (noon vs. afternoon; morning vs. afternoon), using Mann-Whitney U tests.
Results and discussion
Early morning foot-vs. boat-based surveys
During the early morning boat-based surveys, seven species were found amongst the riverside trees, whereas six species were detected along the trails during the footbased surveys (Table 1 ). The mean frequency of encounters with proboscis monkeys and long-tailed macaques was significantly higher for boat-based surveys than footbased surveys. In addition, it was possible to count more individuals using boat-based surveys compared with foot-based surveys, particularly for proboscis monkeys (Table 1) . This tendency was even more prominent when we compared the mean frequency of encounters with primate groups and individual counts that were found more than 30 m away from the riverbanks (i.e., where the groups could only be detected by foot-based surveys) with those found by the boat-based survey (Table 1) .
Foot-based surveys are rarely performed in Bornean flooded forests along rivers because the terrain is often swampy and impassable on foot. Apart from a foot-based survey of orangutan nests (Ancrenaz et al. 2004) , the efficiency of such primate surveys has not been evaluated, particularly with regards to the different approaches such as boat-or foot-based surveys. In general, boat-based surveys that are conducted in the early mornings are able to detect more primate groups and obtain more detailed information about the group sizes, particularly for proboscis monkeys and long-tailed macaques, than footbased surveys at the same time of day. This is because proboscis monkeys and long-tailed macaques that live in flooded habitats typically return to the riverside trees in the late afternoon and stay overnight there (van Schaik et al. 1996; Matsuda et al. 2010b ), though they were already active in some cases even in the early morning, but some groups were still apt to stay at the forest along the river.
Other primate species such as pig-tailed macaques, langurs, gibbons, and orangutans, seem to prefer forest along the river to the interior forest (Matsuda et al. 2011 ); however, these primates do not tend to return to riverside trees every night, which may explain their lower detectability by boat-based surveys than proboscis monkeys and long-tailed macaques. The ranging behaviour of pigtailed macaques inhabiting flooded habitats has not yet been studied in Borneo, but this study showed that boatbased surveys would be better than foot-based surveys for understanding their group size, as significantly higher numbers of individuals were detected by boat-based surveys, particularly when we considered macaques that were encountered more than 30 m away from the riverbanks (Table 1) .
By contrast, foot-based surveys were better for counting orangutan nests, as reported by previous studies (Mathewson et al. 2008; Spehar et al. 2010 ). However, it has been recommended that nest surveys should be conducted through a combination of foot-based and aerial surveys (Ancrenaz et al. 2004; Ancrenaz et al. 2005) . In addition, foot-based surveys appeared to be a better method for estimating gibbon populations in the early mornings (although the difference was not significant), which are usually estimated using fixed-point counts (e.g., Ancrenaz et al. 2002; Buckley et al. 2006; Cheyne et al. 2008 ). However, if the counting method for gibbons Table 1 . Mean frequency of encounters with primate groups and counts of individuals of each primate species and orangutan nests during the foot-and boat-based surveys. The values given in parentheses represent the number of groups and individuals that were found more than 30 m away from the riverbanks (i.e., which the observer could not detect via boat-based surveys) during the foot-based surveys. Comparisons between the two survey methods for counts of each species and orangutan nests were made using Mann-Whitney U tests (n = 24). could be further refined to detect their songs in the early mornings, boat-based surveys would become a more efficient survey method for this species.
Morning vs. late afternoon & noon vs. late afternoon boat-based surveys
In general, boat-based surveys in the late afternoons detected more primate groups and led to higher individual counts than those in the early morning or at noon (Table  2A and 2B). This difference was significant for proboscis monkeys and long-tailed macaques and there was also a strong trend in pig-tailed macaques. Noon was the worst time for detecting most of the primate groups and for counting individuals. Therefore, the late afternoon is clearly the best time of day for obtaining more accurate data on primate species, including details about their group size, using boat-based surveys.
Boat-based surveys in Bornean flooded habitats have generally been conducted in the early mornings and/or late afternoons for proboscis monkeys, Hose's langurs, maroon langurs, silver langurs, long-tailed macaques, and pig-tailed macaques (Boonratana 1993; Goossens et al. 2002; Matsuda 2008; Sha et al. 2008; Stark et al. 2012) , and data collected at these times have been considered to be identical in terms of quality and quantity; none of these studies have evaluated the effect of time of day on group detectability/encounter rate and/or counts of group members. From the present study, it was particularly clear that proboscis monkeys and long-tailed macaques were more easily detected and counted in late afternoon from the boats. Morning surveys were also better than those at noon for counting the animals; however, this time of day may not be suitable as the animals somehow reacted sharply and quickly moved inland from the riverside trees in the early morning when they saw unfamiliar boats (I. M. personal observation), explaining why it was so difficult to count and observe them in detail in the early mornings. By contrast, proboscis monkeys and longtailed macaques are seemingly forced to stay overnight in riverside trees in flooded forests. This could be for several possible reasons, including predator avoidance, food quality (nutrition), and their particular social structure, e.g., a multi-level social system (Jeffrey 1979; Bismark 1981; Bennett and Gombek 1993; van Schaik et al. 1996; Matsuda et al. 2008; Matsuda et al. 2011; Matsuda et al. 2013) . Therefore, individuals of these species do not run away to the interior forest in the late afternoon, even when unfamiliar boats get close, indicating that this should be the best time for detecting groups and counting individuals in flooded forests.
In conclusion, this study demonstrated that previous primate surveys in Bornean flooded forests have been performed correctly in terms of both the approach (boatbased surveys) and timing (in the early morning and/or late afternoon). However, based on our evaluation of different survey methods with different timings, we recommend that boat-based surveys only be performed in the late afternoon to obtain more accurate abundance and distribution estimates for animals that sleep along river ways. However, for orangutans and gibbons, the boatbased survey method would only be useful for detecting the presence or absence of species, being unsuitable for estimating their abundance.
